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Abstract. Nano crystalline spinel ferrites of Co0.5Ni0.5CexFe2−xO4 (x=0.01, 0.015, 0.02, 0.025 and 0.03) was prepared 
by modified solution combustion method using a mixture of fuels for the first time. The influence of rare earth Ce3+ 
substitution at the Fe3+ site on the structural, microstructural and dielectric properties of Co0.5Ni0.5CexFe2-xO4 was 
investigated. The X-ray diffraction (XRD) studies confirmed the formation of monophasic nano crystalline samples without 
any secondary phases. The crystallite size decreases and density increases with the increases of Ce3+ contents.  Surface 
morphology was studied through Scanning Electron Microscopy (SEM). Dielectric properties of these ferrites have been 
studied at room temperature using impedance analyzer in the frequency range up to 20 MHz. The effect of frequency and 
composition on dielectric constant (ε’), dielectric loss (tanδ) and ac conductivity (σac) have been discussed in terms of 
hopping of charge carriers (Fe2+↔Fe3+). The decrease in dielectric loss with frequency follows Debye's relaxation 
phenomena. Both the variation in tan loss and dielectric loss with frequency shows a similar. AC conductivity increases 
with the increases of frequency which directly proportional to concentration of Ce3+ ions follows Jonscher law. These 
Cerium doped Cobalt-nickel ferrites are very helpful for automotive applications. 
Keywords: Ferrites, Scanning Electron Microscope, X-ray diffraction, Dielectric constant. 
PACS: 75.50.Gg,;68.37.Hk,;61.05.C-,;78.20.Ci; 
INTRODUCTION 
     Spinel ferrite materials exhibit various properties such as magnetic, electronics, optoelectronics, electrochemical 
science, magneto electronics and biotechnology [1, 2]. At high frequency, high saturation magnetization, large 
permeability and remarkably high electrical resistivity low dielectric constant and low dielectric loss are some 
promisable features which facilitate of these materials put into solid state and magneto electronics [3,4]. The physical 
properties of the ferrites depend on synthesis method, dopants adopted, the site for which the dopant is used and the 
quantity of dopant. In the present work the main  focus is made on the  study of  the effect of rare 
earth Cerium substitution on Co0.5Ni0.5 ferrite (Co0.5N0.5CexFe2-xO4 with x=0.01,0.015,0.02,0.025 and 0.03) to describe 
the structural, microstructural and dielectric properties in detail. In view of this investigation the dielectric properties 
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would be very much essential advantageous for microwave devices, high density magnetic recording and magnetic 
fluids. 
EXPERIMENTAL 
Ce3+ substituted Co-Ni ferrite (Co0.5Ni0.5CexFe2-xO4 with x=0.01, 0.015, 0.02, 0.025 and 0.03) nano particles were 
synthesized by solution combustion method. All the chemicals used are analog grade metal nitrates as oxidizers. We 
have used mixture of fuels urea and glucose in the ratio 1:1 and maintained oxidizers to fuel ratio unity. The 
stoichiometric amounts of metal nitrates and fuel were dissolved in deionized water to obtain homogeneous clear 
solution. This clear solution is kept in a preheated muffle furnace maintained at 450°C. The reaction mixture first boils 
then froths undergoes dehydration and resultant mass ignites rapidly to yield a foamy, soft to touch voluminous 
powder. The whole combustion process was completed in less than 20 minutes. The obtained powder is finely grinded 
using an agate mortar and pestle. This fine powder was pressed into pellets by applying the pressure of 4 ton/cm2 for 
5 minutes and sintered at 800°C for 4hours in a muffle furnace. Structural characterization of the as synthesized 
samples is done with x ray diffractometer (XRD) with CuKα Radiation (λ=1.54056A°) at room temperature. The 
surface morphology of the samples was examined using a JEOL JSM 6390LV Scanning Electron Microscope (SEM). 
The pelletized samples were silver coated for good electrical contact. The AC conductivity measurements of the ferrite 
samples are performed in the frequency range up to 20MHz at room temperature using Wayne Kerr 6500B series 
Impedance analyzer. 
RESULTS AND DISCUSSIONS 
       Fig. 1 shows the XRD patterns for pristine was clearly observed that all the diffraction main peaks were indexed 
as 220, 311, 222, 400, 422, 511 and 440. These XRD patterns of the synthesized material are well matched with the 
standard referenced patterns of the typical spinel cubic structure. There is no unnecessary peaks this suggests that no 
formation of secondary phase. The average crystallite sizes of the synthesized samples are determined by using the 
X-ray peak broadening of the (3 1 1) diffraction peak using Debye Scherrer formula. The particle size of the ferrite 
particles for the (311) major peak lies in the range 24nm-32nm.Moreover lattice constant increase with increase in 
Cerium concentration. The average lattice constant was calculated as [5]. Lattice constant is found to increase with 
increasing Ce3+ concentration which is attributed to the fact that the ionic radii of Fe3+ smaller than that of Ce3+.This 
observation can be explained on the basis of the occupancy of dopant cations in the B-site of the spinel. Increasing 
trend showed that Ce3+ occupy only the B site of the spinel in all the samples. Preferential occupancy of Ce3+ in the B 
site resulted in a proportional displacement of Fe3+. Thus, the entire Ce3+ which occupies B site has direct effect on 
lattice parameter, this results increase in lattice parameter with increasing Ce3+content.   
 
FIGURE 1. XRD patterns of as synthesized samples of Co0.5Ni0.5CexFe2-xO4 (x=0.01, 0.015, 0.02, 0.025 and 0.03) 
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The SEM image of the samples Co0.5Ni0.5CexFe2-xO4 for x=0.025 with EDS is shown in Fig. 2(a) and 2(c) 
respectively. The estimated stoichiometry is very near to the anticipated values. The images reveal that the particles 
are well defined with definite grain boundaries. The grain size distribution histogram is shown in Fig. 2(b). It is clearly 
observed that particles are spherical and some agglomeration is observed in the composition. As the dopant 
concentration Ce3+ increases the gain size also increases. SEM images reveal that with the increase of Ce3+ content 
the density of the samples increases. This increase in density is a consequence of increase in Ce3+concentration in the 
samples which promotes slightly the grain growth and improves the densification. 
 
FIGURE. 2: (a) SEM image (b) histogram and (c) EDX pattern of x=0.025 composition of Co0.5Ni0.5CexFe2-xO4 
       
      Fig.3 (a) depicts the frequency dependence dispersion curves of real part of dielectric constant (𝜀′) for all the 
samples. It is observed that the dielectric constant decreases with the increase of frequency for all the samples. At low 
frequency region, the dielectric constant decreases sharply, whereas at high frequency region it does not changes 
appreciably i,e it becomes frequency independent. This can be explained with the knowledge of the structure of spinel 
ferrite and Koop’s phenomenological model [6]. The presence of Fe2+ and Fe3+ ions render spinel ferrite materials to 
be dipolar. According to Koop’s model, spinel ferrite is composed of conducting grains and poorly conducting grain 
boundaries [7]. Grains are considered as areas having low resistance due to perfect crystalline characteristics, while 
the grain boundaries are the regions having high resistance. Under the influence of applied ac electric field at low 
frequency as electrons reach on the poorly conducting grain boundaries, these electrons pile up there and it creates 
space charge polarization. Therefore grain boundaries are more effective than grain due to charge accumulation in 
these grain boundaries interfacial polarization occurs thereby, the dielectric constant is high at low frequency. At 
higher frequency the polarization diminishes and the dielectric constant decreases and is almost constant over large 
frequency range [8]. Fig.3 (b) depicts the frequency dependent dispersion curves of imaginary part of dielectric 
constant of all the samples. The dielectric losses occur in ferrites due to electron hopping and defects in dipoles. The 
electron hopping is possible only at lower frequencies and at higher frequencies it terminates. The dielectric loss is 
decreased with the decrease of electron hopping. If τ is the relaxation time of the dipoles, then for frequencies ω < 1/τ 
the dipoles were begin to follow the applied electric field and 𝜀′ decreases slightly. At very high frequencies ω >> 1/τ 
the dipoles were no longer to follow the field and 𝜀′ not changes remarkably. In Fig.3(c) it is observed that the dielectric 
loss decreases rapidly at low frequency region while the rate of decrease is least at high frequency region and is 
almost show  frequency independent behaviour at high frequencies.  This behaviour can be explained based on the 
Maxwell-Wagner-Sillars interfacial  polarizations [8].  At lower frequencies,  large number of  dipoles  is aligning 
themselves along field direction give rise to large value of dielectric loss. At higher frequencies the periodic reversal 
of the field occurs so rapidly that there is no excess charge diffusion in the direction of field. Therefore the charge 
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accumulation decreases lead to lowering in the value of the dielectric loss this follows Debye relaxation phenomena. 
The variation of ac conductivity with respect to frequency is shown in the Fig.3 (d). It is observed that the ac 
conductivity increases with increasing frequency above 300Hz.Before this it shows almost frequency nondependent 
behaviour. Beyond 300Hz frequency the ac conductivity increases linearly with frequency. Electrical conductivity in 
ferrites is mainly due to exchange of electrons between ions of same element exist in the different valence states. In 
the cubic close packed structure of ferrites the cations at octahedral (B-site) and tetrahedral (A-site). Substitution of 
Ce3+ at B-site replaces the Fe3+, there is a probability of Fe2+ occupancy at the A-site also. The exchange of electrons 
between A-B sites is more important as compared to A-A and B-B sites of the spinel ferrite. As the dopant 
concentration increases more Fe3+ ions were replaced by Ce3+, on the application of ac field the electron exchange 
increases there by increasing the ac conductivity which is known as Jonscher law.  
 
     FIGURE 3:(a) Real part of dielectric() as a function of frequency (b) imaginary part  () as a function of frequency  
(c) Dissipation factor (tan) as a function of frequency and (d) AC conductivity (ac) as a function of frequency 
CONCLUSION 
     Ce3+ doped Co0.5-Ni0.5 ferrites were synthesized via solution combustion method using mixture of fuels for the first 
time. Calculated average crystallite size from XRD indicates the synthesized material is nanoparticles. Lattice 
parameter found to increasing with Ce3+ dopant concentration is due to larger ionic radii of Ce3+. SEM image results 
the particles are well defined with definite grain boundaries. EDS spectra reveal, the observed composition matches 
with the anticipated values. From dielectric studies the real and imaginary part of dielectric constants increases with 
Ce3+ concentration and are found decreasing rapidly as frequency increases. Dielectric loss tangent follows the same 
trend of dielectric constant exhibits Debye relaxation phenomena. The conduction in the samples follows the hopping 
mechanism. The ac conductivity is increased by doping of rare earth Ce3+ to the Co-Ni ferrites on the application of 
ac electric field, the electron exchange increases which results the enhancement of ac conductivity this follows 
Jonscher law . Materials with these credentials are good for high frequency switching devices.  
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